We have just entered a new round in the testing of the flavour sector of the Standard Model through high-precision measurements of B-meson decays. A particularly exciting aspect is the exploration of the Bs-meson system at LHCb. We focus on two particularly promising probes of new physics which may give us first solid evidence for New Physics at the LHC: the strongly suppressed rare decay B 0 s → µ + µ − and CP-violating effects in the B 0 s → J/ψφ channel. We discuss recent theoretical developments related to these measurements and shall also sketch other highlights of the B-physics programme in the LHC era.
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WHERE DO WE STAND?
In the last decade, we have obtained many valuable new insights into flavour physics and CP violation through the interplay between theory and the data from the B factories and the Tevatron. The lessons from the data collected so far is that the Cabibbo-Kobayashi-Maskawa (CKM) matrix is the dominant source of flavour and CP violation. New effects could not yet be established, although there are potential signals which are still not conclusive.
The implications for the structure of New Physics (NP) is that we may actually have to deal with a large characteristic NP scale Λ NP , i.e. a scale that is not just ∼ TeV, or/and that symmetries prevent large NP effects in flavour-changing neutral-current (FCNC) processes, where the most prominent example is "minimal flavour violation" (MFV). It should be emphasized that MFV is still far from being experimentally established, and that there are various non-MFV scenarios with room for sizable NP effects. Prominent examples are supersymmetry, models with a 4th generation, warped extra dimensions, or Z models. Nevertheless, we have to be prepared to deal with smallish NP effects in flavour probes.
The key problem in the use of quark-flavour physics as a probe of NP is related to the impact of strong interactions, leading to processdependent, non-perturbative "hadronic" parameters in the corresponding calculations. A closer look shows that the B-meson system is actually a particularly promising probe: we have simplifications thanks to the large b-quark mass m b ∼ 5 GeV Λ QCD , there are strategies to determine hadronic parameters from data with the help of flavour-symmetry arguments, and there are tests of SM relations that could be spoiled by NP. There are two attractive ways for NP to manifest itself in B decays: contributions at the decay amplitude level to rare (FCNC) processes, and through contributions to B 0 q -B 0 q mixing (q ∈ {d, s}).
In the following discussion, we shall focus on two topics: in Section 2, we have a closer look at the rare decay B 0 s → µ + µ − , with a focus on a new strategy for the branching ratio measurement proposed in Ref. [1] , while we focus in Section 3 on the CP violation in B 0 s → J/ψφ, having in particular a critical look at the picture emerging in the Standard Model (SM) [2] . In Section 4, we sketch other interesting B decays, and give a brief outlook in Section 5.
SEARCH FOR NP IN
The decay B 0 s → µ + µ − originates from Z penguins and box diagrams in the SM, and the corresponding low-energy effective Hamiltonian takes the following form [3] : 
which holds in MFV models, and gives for the SM
where the error is fully dominated byB s coming from lattice QCD [4] . As is well known, this branching ratio may be significantly enhanced through NP (see Ref. [4] and references therein 
where the are total detector efficiencies and the N denote the observed numbers of events. The f q are fragmentation functions, which describe the probability that a b quark fragments in aB q (q ∈ {u, d, s}). A closer look shows that f q /f s is actually the major source of uncertainty, limiting the ability to detect a 5σ deviation from the SM at LHCb to BR(B
(assuming an uncertainty of 13% for f d /f s ) [7] . Since the determinations of f d /f s are not sufficient to meet the high precision at LHCb, a new strategy to measure this quantity at LHCb was proposed in Ref. [1] . The starting point is
; (5) knowing the ratio of the branching ratios, we could obviously extract
order to implement this feature in practice, the B s → X 1 and B d → X 2 decays have to satisfy the following requirements:
• the ratio of their branching ratios must be easy to measure at LHCb;
• the decays must be robust with respect to the impact of NP contributions;
• the ratio of their BRs must be theoretically well understood within the SM.
These requirements guide us to theB
, which receive only contributions from colour-allowed tree-diagramlike topologies, as can be seen in Fig. 1 . Their hadronic amplitudes are related to each other by the U -spin symmetry of strong interactions, and the decays are known as prime examples of decays where "factorization" is expected to hold:
This feature could be put on a rigorous theoretical basis in the heavy-quark limit [8, 9] . In QCD factorization, a 1 is found as a quasi-universal quantity |a 1 | 1.05 with very small processdependent "non-factorizable" corrections [8] .
So far, this interesting feature did not have any practical application. However, we can actually use these decays for the determination of f d /f s at LHCb. On the one hand, we have
while the ratio of the number of signal events observed in the experiment is given by
Consequently, we obtain
with 
Extrapolating to 1 fb −1 , which corresponds to the end of 2011, the statistical uncertainty becomes essentially negligible so that the total uncertainty is reduced to ∆r ∼ 5.6%.
Concerning the theoretical uncertainties, we have to deal with non-factorizable U -spinbreaking effects, which are described by
Here a NF 1
is associated with non-universal, i.e. process-dependent, non-factorizable contributions, which cannot be calculated reliably. However, they arise as power corrections to the heavyquark limit, i.e. they are suppressed by at least one power of Λ QCD /m b , and are -in the decays at hand -numerically expected at the few percent level [8] . Moreover, since we are only sensitive to an SU (3)-breaking difference, 1 − N a is conservatively expected to be at most a few percent. In this context, it is important to emphasize that we can also experimentally test factorization, as discussed in detail in Ref. [1] .
The major uncertainty affecting (9) is hence the form-factor ratio N F , where U -spin-breaking corrections arise from d and s spectator-quark effects. Unfortunately, the B s → D s form factors have so far received only small theoretical attention. In Ref. [10] , such effects were explored using heavy-meson chiral perturbation theory, while QCD sum-rule techniques were applied in Ref. [11] . The numerical value given in the latter paper yields N F = 1.3±0. 
which offers an interesting probe for NP. In order to match experiment, it is sufficient to calculate the U -spin-breaking corrections to F In Fig. 2 , we illustrate the NP discovery potential of the B 0 s → µ + µ − channel at LHCb resulting from the strategy proposed in Ref. [1] . Here we show the smallest value of BR(B 0 s → µ + µ − ) that allows the detection of a 5σ deviation from the SM as a function of the luminosity at LHCb (at the nominal beam energy of 14 TeV). The figure on the left-hand side shows the low-luminosity regime, whereas the one on the right-hand side illustrates the asymptotic behaviour. The plot on the right-hand shows that we obtain a NP discovery potential about twice as large as the present LHCb expectation [7] (upper horizontal line) enabling a possible discovery of NP down to BR(B 0 s → µ + µ − ) > 6 × 10 −9 (lower horizontal line). In addition to the increased sensitivity in the regime of low branching ratios, even for large values close to the current CDF exclusion limit the significance of a possible NP discovery would be increased. Thanks to the decrease of the systematical uncertainty, LHCb will be able to fully exploit the statistical improvement, taking full advantage of the accumulated LHCb data up to 10 fb 
≈ −2
• ; since the final state of B 0 s → J/ψφ is an admixture of CP-even and CP-odd eigenstates, a time-dependent angular analysis is required to search for NP effects [12] . The most recent compilation of the corresponding results by the CDF and DØ collaborations can be found in Refs.
[13] and [14], respectively. Unfortunately, the situation is not conclusive, though the CDF and DØ analyses are consistent with each other. While CDF finds φ s ∈ [−59.6
• , −2.29
• (68% C.L.), DØ gives a best fit value around φ s ∼ −45
• , taking also information from the dimuon charge 
where a f e iθ f describes the ratio of penguin to tree contributions for a given final-state configuration (J/ψφ) f . In Ref. [2] , a detailed discussion of their impact was given, proposing also a strategy to control these penguin effects through data. The penguin contributions modify the expression for the mixing-induced CP violationÂ f M as follows:
where η f is the CP eigenvalue of the final-state configuration,Â f D is a direct CP asymmetry (which can be measured), and ∆φ f s is a hadronic phase shift caused by the penguin contributions, which can be expressed in terms of a f and θ f as given in Ref. [2] . It should be stressed that ∆φ f s does not depend on the value of φ s itself. In Fig. 3 , we show the resulting dependence of ∆φ
• | as large as 40
• [2] . As we expect cos θ f < 0, the shift of φ s is expected to be negative as well, i.e. it would interfere constructively with φ mode, which has the following SM amplitude:
It should be stressed that the penguin term is here not doubly Cabibbo-suppressed. If we use the SU (3) flavour symmetry and neglect penguin annihilation and exchange amplitudes (which can be probed through B 
OTHER B PHYSICS TOPICS
There is much more interesting physics left for the B-decay studies at LHCb. An important line of research is given by precision measurements of the angle γ of the unitarity triangle. This quantity can be determined through pure "tree" decays on the one hand (such as B 
The central question is whether we will get values of γ that are consistent with one another [20] .
Another key topic is given by the study of rare decays, complementing the leptonic B 
offer another interesting probe for NP. Here the hadronic sector involves quark-current form factors, and the goal is to find and measure observables that are particularly robust with respect to the corresponding uncertainties. The prime example is the 0-crossing of the forwardbackward asymmetry; other observables were recently proposed (see Ref. [21] ). There are also non-leptonic rare decays that originate only from loop processes. Particularly interesting are CPviolating asymmetries in B 0 s → φφ and similar modes. In order to deal with hadronic corrections, flavour symmetries offer strategies to control them through experimental data. Also here the key question is whether we will encounter discrepancies with respect to the SM picture.
Studies of charm physics offer another line of research. While FCNCs in the B system are sensitive to new effects in the up sector, charm physics probes the down sector, i.e. we have b, s, d quarks running in the SM loops. Such a process is D 0 -D 0 mixing, which is seen in the ball park of the SM. NP could be hiding there, but is obscured through long-distance QCD effects. In order to search for NP, CP-violating effects, which are tiny in the SM but may be enhanced through NP contributions, are most promising. Last but not least, we can also search for lepton flavour violation through B 0 d,s → e ± µ ∓ and B 0 d,s → µ ± τ ∓ decays, which are forbidden in the SM but may arise in NP scenarios. These studies complement other searches by means of µ → eγ, τ → µγ or τ → µµµ processes.
OUTLOOK
We are currently moving towards new frontiers in precision B physics thanks to the start-up of the LHCb experiment. The last decade has led to various interesting results, showing -among many other insights -that the CKM matrix is the dominant source of flavour and CP violation. Potential signals of new phenomena were also seen, although the situation is still not conclusive.
Flavour physics takes part in the big scientific adventure of this decade, which is the LHC. Specific NP scenarios still leave room for sizable effects. Particularly promising channels to find first signals at LHCb (and the LHC) are B 0 s → µ + µ − and B 0 s → J/ψφ. In view of the new territory we are about to enter now, the SM phenomena have to be critically reviewed and strategies to control the corresponding hadronic uncertainties to be further developed and refined. Concerning the search for NP, the patterns in specific scenarios should be further explored. In particular correlations between different observables should play a key role in revealing the structure of NP, should we actually see footprints of physics beyond the SM. Moreover, synergies with the high-Q 2 physics at ATLAS and CMS should be further studied and exploited. Exciting times are ahead of us!
